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Construction of Low Diacetyl-production Yeast by 
Intergeneric Protoplast Fusion 
Abstract 
Diacetyl is a determinant factor in brewage production. To reduce 
the diacetyl  content in beer can speedup beer maturation,  therefore 
improve economic advantage of the brewage corporation.  In this 
study, with high-diacetyl-content-directed domestication and U.V. 
mutation , two direct parental strains ,TA4&TB8,were received from 
strains A&B, both Saccharomy cerevisiae . In succession, a low 
diacetyl-produce fusant TR102 was constructed by intergeneric 
protoplastfusion between the two directed parent strains . 
Low diacetyl-produce yeast TA4 was screened out by 
high-diacetyl-content-directed domestication. The diacetyl content in 
the fermented liquid of low temperature ferment was investigated. It  
showed the diacetyl content of strain TA4(0.100mg/L) was 36.31% 
lower than that of strain A(0.157mg/L). 
Another diacetyl-reduced yeast TB8 was received by U.V. 
mutation. The diacetyl content in the fermented liquid of strain TB8 
(0.086mg/L)was 38.13% lower than that od strain B(0.139mg/L). 
Study of the medicine-resistent properties of strains TA4&TB8 
showed ,TA4 had more Mycostatin resistant than TB8: on the malt-agar 
medium with 3.5μg/mL Mycostatin , TA4 could grow well while TB8 
never grow. 
The condition of protoplast prepared were studied. The results 
showed that after pretreatment, strain TA4 was exposed to 1.0% 
Snailase at 30℃  for 20 min, it got a protoplast formation and 
regeneration rate of 88.9% and 38.4%; while strain TB8 was exposed to 
2.0% Snailase at 30℃  for 20 min, its protoplast formation and 














The heat-inactivated was done on protoplast of strain TA4. After 
incubated at 55℃  for 20 min, the regeneration rate was reduced to 0. 
The optimized fusion condition study demonstrated that with the 
presence of 30%(w/v) polyethylene glycol(MW6000) and 30mM CaCl2 
for 20 min , the fusion frequency reached 6.42 fusant/106 parental cells. 
In this investigation, a YEPDS medium with 3.5 μ g/mL 
Mycostatin was used for screen. 2651 fusants were got and follow-up 
screen by malt-agar medium with 0.2% diacetyl. At last, 603 fusants 
were got and gave low temperature ferment. A fusant, TR102. which 
produced the least diacetyl was selected. DNA estimation, comparison 
of cell size and biomass, and diacetyl reductase activity examination all 
indicated that strain TR102 was a fusant of TA4&TB8. 
The stability of fusant TR102 was also studied. The result showed 
that the diacetyl content in the fermented liquid after low temperature 
ferment was stable. 
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1.  前     言  





量达到 2300 万吨 /年；而德国和捷克的啤酒消耗水平最高，平均
每人每年消耗啤酒量在 160 升以上，为世界平均消耗水平的 8
倍 [1]。  
目前，世界上啤酒生产朝设备大型化、工艺自动化、生产周
期短、经济效益高的方向发展。一般认为，德国、丹麦的啤酒生
产技术最为先进 [2]。  
近二十年以来，中国啤酒的生产规模 [3]不断扩大，产量不断





























































































1.3.1  生产工艺优化  





制作用减少α－乙酰乳酸的合成（见图 1）。  
但是麦汁中α－氨基氮含量过高又会促进酵母细胞产生高
级醇，影响到啤酒的风味和泡沫性能，所以一般的 120Bx 啤酒所
用的麦汁中α－氨基氮含量以 180～200mg/L 为适宜 [8 ]。在实际
生产中，不同的麦芽原料在制备麦芽汁的时候，可以通过糖化配
料，调整糖化醪液 pH 值、蛋白质分解温度和处理时间等工艺措
施将麦芽汁中α－氨基氮含量控制在适宜的浓度范围内 [9]。  







































发酵液中的酵母数量都控制在 20～40×106 个 /mL，必要时还要
通入 CO2以保持酵母菌体的悬浮状态 [5]，这样才能保持酒液中较
高的双乙酰还原速度，从而使最终得到的啤酒风味纯正。  



































1.3.1.7  添加α－乙酰乳酸脱羧酶，加速α－乙酰乳酸的分解  
在酵母细胞中，双乙酰前体物质α－乙酰乳酸的氧化脱羧反









乳酸脱羧酶制品 [17 ,18]。  
1.3.2  啤酒酵母菌种选育  





















得的成果 [18]。  




















1.4.1 传统微生物育种技术  



























































的产生的 50MeV/ｕ 12C6+ 重离子对胡萝卜素生产菌红酵母









pH 值 3.8～5.0 之间连续发酵 60 多天，菌体仍保持原有活性。







为 65.6％，啤酒风味基本不变。  
1.4.2 现代微生物育种技术 [71] 











































1.4.2.3  原生质体融合技术在啤酒酵母菌种选育中的应用  
原生质体融合技术已成为工业微生物育种的一种重要手
段。它的优点是将两亲本的整个基因组强迫性混杂在一起，使异






















1.5  原生质体融合技术  









～ 50]。  
1.5.1 酵母原生质体的制备  
酵母原生质体制备通常采用酶解去壁法，将对数生长期的菌


























形成率和再生率分别达到了 99.40％和 45.23。吴坤陆等 [53]在进
行克鲁维酵母和酿酒酵母的融合研究中，采用含 17％蔗糖的磷
酸缓冲液，其原生质体形成率和再生率分别达到 90％和 25％以












1.5.2 原生质体融合的促融因子  
原生质体融合中使用的促融因子分为物理方法和化学因子。
物理促融方法有电流刺激、电场诱导等；而大量文献中提到的是
应用化学促融因子聚乙二醇（PEG）和 Ca2＋。  
PEG 是一种大分子量的有机聚合物，因其单体聚合程度不同
分子量有很大差异，不同微生物在融合时需采用不同浓度、不同
分子量的  PEG 作为促融剂。真菌一般采用浓度为 25％～ 30％
（w/v）的高分子量（MW4000～6000）PEG，促融作用在 pH 9.0
时效果最好。Ca2+和 PEG 同时使用可以提高融合效率。侯红漫
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